Holoptelea integrifolia (Sanskrit: chirivilva, Hindi: chilbil, family: Ulmaceae) is a large deciduous tree, growing up to 18 m tall, distributed throughout the greater part of India up to an altitude of 2000 ft. It has grey bark, covered with blisters, peeling in corky scales on old trees. The plant has several medicinal properties such as antiinflammatory, anthelmintic, and antidiabetic activity. The present work was taken up with a view to lay down standards which will contribute significantly to the quality control of the medicinally useful Holoptelea species. Till date, there is no comparative phytochemical and antioxidant literature available of this traditionally valuable drug. Biomarkers such as stigmasterol, olenolic acid, ursolic acid, betulin, and lupeol were estimated through high-performance thin-layer chromatography (HPTLC) method, and it was found maximum in Behraich plant sample. The bark of Behraich's sample shows strong antioxidant activity (2,2-diphenyl-2-picrylhydrazyl [DPPH] assay). It suggests secondary metabolites present in H. integrifolia having antioxidant effects, which indicate their effectiveness in diseases caused by overproduction of free radicals. Over all, these comparative data provide a suitable criteria to differentiate the stem barks of the above four Holoptelea barks of different places from India and open a new vista for the exploitation of these species for the development of herbal formulations.
Introduction
Holoptelea integrifolia is a well-known roadside tree having several biological activities. It is also known as Ulmus integrifolia Roxb. belonging to the family Ulmaceae. It is commonly known as Indian Elm tree. It is a large spreading glorious tree, commonly found throughout the greater part of India [1, 2] . The native distribution of the plant can be seen in Asia-Tropical region including India, Nepal, Sri Lanka, Indo-China, Cambodia, Laos, Myanmar, Vietnam, Burma, and China [3] . In the traditional system of medicine, barks and leaves are used as bitter, astringent, acrid, thermogenic, antiinflammatory, digestive, carminative, laxative, anthelmintic, depurative, repulsive, urinary astringent, and in rheumatism [4, 5] , etc. It has been reported to possess ovipositor deterrent and protease inhibitor activities [6] . Ethnomedically, the leaves and stem bark of this plant were used by local people for skin diseases, obesity, cancer, and for wound-healing activity. Oral application of the bark is used to treat intestinal tumors [7] .
In our study, we aimed at comparing several pharmacognostic and phytochemical parameters of four different accessions of the stem bark of H. integrifolia. Although the stem bark of this species is important, very few studies have been reported so far on pharmacognostic and phytochemical parameters. Hence, this study was undertaken to develop comparative quality standards and antioxidant studies of stem bark of H. integrifolia. This may be useful to pharmaceutical industries for authentication of commercial sample and also to explore the possibility of using other species as complementary to each other.
Experimental

Collection of Plant Material
In the present study, plant materials were collected from different parts of India, i.e., Kanpur, Jhansi, Bangalore, and Behraich in the month of October 2012 and were authenticated by Taxonomy Division, CSIR -National Botanical Research Institute Lucknow, India. Herbarium specimens were prepared and deposited at the Herbarium of the Institute.
Physicochemical Analysis
Physicochemical parameters were calculated from shade-dried powdered material according to the recommended procedures [8] . The percentage of loss of weight on drying, total ash, water soluble ash, acid insoluble ash, water soluble extractive value, and residue on ignition were obtained by employing standard methods of analysis as described in the Pharmacopoeia of India [9] . The antioxidant activity was achieved by 2,2-diphenyl-2picrylhydrazyl (DPPH) method for four different H. integrifolia plant collections [10] .
Extraction of Plant Samples
Accurately weighed 250 g of the coarse powder of all four plant accessions were extracted separately with methanol (4 × 250 mL) on flask shaker for 12 h. The combined extracts were filtered, mixed, and concentrated on rotavapor. The syrupy compounds were evaporated to dryness on freeze drier, and 10 mg mL −1 solution with analytical grade methanol were prepared.
Phytochemical Screening
Estimation of Tannin
The tannin estimation in crude drug followed the method mentioned by Schanderl (1970) with slight modifications [10] . According to this method, about 2 g powdered plant material were extracted with 100 mL distilled water by boiling on water bath for 6-8 h. The extract was filtered, and the volume was made up to 100 mL in a volumetric flask. A 5-mL Folin-Ciocalteu reagent was added to 1 mL aliquot of extract, followed by 5-10 mL of distilled water. About 10 mL of saturated Na 2 CO 3 were added to the reaction mixture, and the volume was made up to 100 mL with distilled water. The reaction mixture was allowed to stand for 30 min, and absorbance was recorded at 760 nm. Calibration was done by using tannic acid standard.
Estimation of Phenol
Total phenol was estimated using Folin-Ciocalteau method as mentioned by Bray and Thorpe (1954) [11] . Stock solutions of methanolic extract of concentration 1 mg mL −1 were prepared. From the stock solution, a suitable quantity of the extract was taken in a 25-mL volumetric flask. About 10 mL water were added in the volumetric flask followed by 1.5 mL Folin's reagent. The reaction mixture was allowed to stand for 5 min. About 4 mL of saturated Na 2 CO 3 were added in the volumetric flask, and the volume was made up to 25 mL by distilled water. The reaction mixture was allowed to stand for 30 min. A calibration curve was prepared using different concentrations of gallic acid, and the spectrophotometric absorbance was recorded at 765 nm.
Estimation of Flavonoids
The total flavonoids were estimated following aluminum chloride colorimetric method by Bray and Thorpe (1954) with slight modifications. Methanolic extract of plants were prepared with a concentration of 1 mg mL −1 . About 0.5 mL of 2% AlCl 3 was added to a 0.5 mL methanolic extract, followed by 4 mL methanol. The reaction mixture was allowed to stand for 30 min. Standard solution was prepared in the same way for calibration using quercetin stock solutions of varying concentration. The yellow color indicated the presence of flavonoids. Spectrophotometric absorbance was recorded at 420 nm.
Chromatographic Conditions
Plates were developed to a distance of 80 mm, with tolueneethyl acetate-formic acid (80:20:1, v/v) as mobile phase in a CAMAG twin-trough chamber (20 cm × 10 cm) previously saturated with mobile phase vapor for 10 min. Room temperature was 28°C. After development of the TLC plates, they were completely dried, then sprayed with the help of a derivatizing agent (anisaldehyde-sulphuric acid solution) followed by heating at 110°C for 10 minutes which resulted in the development of spots observed under visible light. Stigmasterol, olenolic acid, ursolic acid, betulin, and lupeol were simultaneously quantified by using CAMAG TLC Scanner model-3 equipped with winCATS software.
Determination of In-Vitro Antioxidant Activity
The effects of free radical scavenging activity by methanolic extracts of H. integrifolia bark species processed by DPPH method [11] . To evaluate antioxidant activity, solution of 0.135 mM DPPH (2, 2-diphenyl-2-picryllhydrazyl) in methanol was prepared and 1.0 mL of this solution was mixed with 1.0 mL of extract in methanol containing 0.02-0.1 mg of the extract. The reaction mixture was vortexed thoroughly and left in the dark at room temperature for 30 min. The absorbance of the mixture was measured at 517 nm using double-beam UV-Vis spectrophotometer (Thermo Electron Corporation, Cambridge, UK). Ascorbic acid was used as reference standard. The ability to scavenge DPPH radical was calculated by the following equation:
DPPH radical scavenging activity (%) = [(Abs control − Abs sample ) / (Abs control )] × 100
where Abs control is the absorbance of DPPH radical + methanol and Abs sample is the absorbance of DPPH radical + sample extract/standard.
Results and Discussion
The present study was focused at the physicochemical parameters and HPTLC analysis and antioxidant studies to make a comparison among stem barks of the above four Holoptelea species. Determinations of various physicochemical constants were carried out according to the methods provided in the Ayurvedic Pharmacopoeia of India (API). The detailed physicochemical analysis is given in Figures 1-3 . The tannin content was found to be 0.0075, 0.0085, 0.007, and 0.0055 in the stem bark of H. integrifolia of different plant collections, viz., Kanpur, Jhansi, Bangalore, and Behraich.
Similarly, the total phenolic content, sugar content, starch content, and total flavonoid content were also determined. Comparative quantitative successive solvent extractive values of stem bark of four different plant collections were determined in different solvents (Figure 3 ). HPTLC analysis showed the presence of stigmasterol, olenolic acid, ursolic acid, betulin, and lupeol in the methanolic extract and hexane fraction of bark of all the four Holoptelea collections (Figure 4) . The R F values of stigmasterol, olenolic acid, ursolic acid, betulin, and lupeol were found to be 0.44, 0.26, 0.22, 0.36, and 0.63, respectively, which is clearly visualized on the HPTLC chromatogram. The concentration of stigmasterol was found maximum in Behraich methanolic sample (0.91%) ( Figure 5 ) and minimum in Jhansi methanolic sample (0.23%) ( Figure 6 ). The concentration of lupeol was found to be maximum in Bangalore hexane fraction (0.69%) (Figure 7 ) and minimum in Jhansi hexane fraction (0.26%). The concentration of ursolic acid was found to be maximum in Behraich methanolic sample (0.302%) and minimum in Bangalore hexane fraction (0.122%). The concentration of olenolic acid was found maximum in Behraich methanolic sample (0.57%) and minimum in Kanpur methanolic sample (0.176%), and similarly, the concentration of betulin was found to be maximum in Behraich hexane fraction (0.776%) and minimum in Kanpur's hexane fraction (0.39%) (Figure 8 ).
DPPH was used as an indicator of the free radical in DPPH method due to the free-radical trapping property. This can be counted from the change in optical absorption. It was observed that the free-radical scavenging ability of the extracts was weaker than that of the standard (ascorbic acid) used in this experiment. The study showed that the extracts have the proton-donating ability and could serve as free radical inhibitor or scavengers, acting possibly as primary antioxidants. The Behraich's methanolic extract of H. integrifolia showed maximum 72.0% radical scavenging ability, and Kanpur's methanolic extract of H. integrifolia showed minimum activity 11.84% at 0.1 mg mL −1 concentration (Figure 9 ). Polyphenols are the major plant compounds with antioxidant activity. This activity is believed to be mainly due to their redox properties, which play an important role in adsorbing and neutralizing free radicals, quenching singlet and triplet oxygen, or decomposing peroxides.
Conclusion
The comparative and multidisciplinary approach to the study of H. integrifolia Roxb. does help in understanding their identifi-cation taxonomical determination and medicinal importance in depth. The adulterants in drugs obtained from H. integrifolia Roxb. can be identified by this investigation. Adulterants, if any, can be easily identified using these parameters. 
Figure 9
Comparative DPPH percentage inhibition of H. integrifolia.
